Abstract -This paper presents the temperature impacts on daily peak load of commercial load in KOREA. This research focuses on the overall summer and winter peak load characteristics and the impact of temperature change on the commercial load. Load data of the last five years are used to analyze the temperature sensitivity of commercial load sensitivity.
Introduction
In the market environment it is becoming increasingly more important to obtain a more accurate model of the usage pattern of electricity consumers for establishing related policies. For example, the amount of generation investment to be made, the appropriate tariff for electricity, the proper level of demand-side management (DSM), etc. are all heavily dependent on the load pattern. In the past, only limited representative consumer load data were available due to the insufficient infrastructure for taking such measurement [2] . However, with the Automatic Meter Reading (AMR) widely deployed it became relatively easier to gather data about many consumers. The electricity load characteristics are being considered in many areas: for example, in performing demand forecast [2, 3, 8] , in computing price elasticity [5] , and in designing of DSM and electricity tariffs [6] , and in managing various assets [8] . In [4] the temperature sensitivity of load is studied for sample consumers who are selected considering the population of commercial, industrial and residential consumers in Taiwan. In [7] the temperature sensitivity of industry representative load pattern in United States is derived. The temperature sensitivity of electricity load is considered critical with the expansion of electricity-based cooling and heating equipment. In this paper the temperature sensitivity of the commercial load is derived using the Korea's recent winter and summer power consumptions. In Section 2 the percentage of the sample data is compared. In section 3 summer/winter load pattern and composition are described. Section 4 presents the results of investigating winter and summer temperature sensitivity.
Load data sampling
In Korea, AMR is installed for the most of customers whose supply voltage is higher than 3.3kV. Using this infrastructure the hourly power consumption is measured remotely. For the customers whose supply voltage lower than 380V approximately 0.3% are subject to AMR. In terms of AMR installation ratio compared to the total customers, the industrial is 73.1%, the commercial is 46.3%, and the residential is 17.9%. In this paper, all customers, who are subject to AMR, are selected as the sample data. Sample size based on the amount of power compared to a selected percentage of the population is shown in Table 1 . Residential, commercial and industrial is 0.405, 0.98, and 0.852, respectively. 
Peak load characteristics
The summer and winter peak loads occur at 15h and 12h, respectively as shown in Fig.1 . It is deduced that the difference between summer and winter peak time is due to the usage pattern of cooling and heating equipment such as air-conditioners and heaters. Table 2 shows the load composition at summer and winter peak times. At summer peak time, the portion of industrial load with 51.3% (35,848MW) is occupied more than half of the total load. Three classes (industrial, commercial, and residential) sum to 94.3% of the total load. The overall composition of winter peak load is similar to that of summer peak load. 
Daily load pattern

A) Summer peak
Fig . 2 shows the daily load pattern for each class in the summer peak day (Aug. 21, '10). While residential load is increased from 5h to 23h continuously, commercial and industrial loads show relatively constant power consumption characteristics during the working hours. Peak loads for each class (residential, commercial and industrial) occurs at 22h, 18h and 15h, respectively as shown in Fig. 2 . Fig. 3 shows the load pattern of each class in the winter. While the overall pattern is similar to the summer peak, the peak load of residential, commercial and industrial customers occurs at 21h, 18h and 9h, respectively. It is estimated that these peak time differences are due to the mid-night operation of condensed boiler operation in winter. 
B) Winter peak
Correlations between load and temperature and between load and humidity
Using the Pearson correlation coefficient as defined in (1) the correlations between load and temperature and between load and humidity at 15h (summer) and 12h (winter), at which the peak loads occur, are found.
where S (S , S ): covariance (standard deviation) of x,y As shown in Table 3 , load is strongly dependent on the temperature in summer and winter season (R=0.86 and 0.94 respectively). Meanwhile, the load is weakly dependent on the humidity. 
Temperature sensitivity of commercial load
Electricity load in 2010 with respect to the temperature distribution is shown in Fig. 4 . This pattern is due to the increases in heating load in the winter and in cooling load in summer. If the non-responsive temperature of load is denoted as T , the cooling and heating load can be classified based on this temperature T . In addition,T is obtained by taking the first order derivative of load polynomial formula with respect to temperature. In this paper, using the regression analysis function in EXCEL program the third regression equation is calculated for the last five years. Table 4 shows the result. Non-responsive temperature for the last 5 years ranges 15.0~ 16.9⁰C (average 15.9⁰C). The winter electricity demand is slowly changing in wide temperature range (-5 to about 20⁰ C) whereas the summer load is rapidly changing in narrow range of about 20~33⁰C. In this paper, temperature sensitivity of winter and summer load separated by T is analyzed separately.
Summer peak case
Temperature sensitivity of load in the right region of Fig. 4 is estimated using the EXCEL software. The derived third order polynomial is shown in the following Fig. 5 and in the expression:
where P : load, T: temperature, a , a , a , a : regression coefficient
The R , which is expressed as the square of the Pearson correlation coefficient, is 0.8098, i.e., load pattern can be explained as approximately 81% varying with temperature, and 20% of load is due to other variables, including humidity. The R (modi ied) represents the adequacy of the regression model as 78.2%. Temperature sensitivity of summer peak load is derived by taking the first order derivative of (2) . The result is shown in (3) = −4.572 + 325T − 4146
Temperature sensitivity of load is plotted in Figure 6 . As the temperature increases, the temperature sensitivity also increases. It is estimated that this trend is due to the close relation between the consumer awareness level about the heat and the high temperatures in the rest of the days. Of course, such a temperature sensitivity value cannot be absolute and is closely dependent on the many variables such as the size distribution of heating equipment, hightemperature continuous days, etc. 
Winter peak case
For the left side temperature based on no-responsive time, winter load is analyzed using the EXCEL software. The regression model which explains load pattern very well is founded. The results are shown in Fig. 8 and Table 6 . Description level of the regression model is 0.677. Considering that regression model is valid generally if R is higher than 0.60, the acquired regression model is considered appropriate. Temperature sensitivity of winter load is calculated by the first derivative of (1) and Table 6 as follows = 4.6545 − 58.082T − 538.9 (6) Temperature of winter load sensitivity using (10) is plotted in Fig. 9 . The temperature sensitivity in the range of -3 ~ 4⁰ C increases continuously and is at the highest in 8 ~ 4 ⁰ C. The reason is that generally at 8 ~ 4 ⁰ C customers start to feel cold and turn on the heating equipment. At 0 ~ -4 ⁰ C customers are getting used to the cold. 10 shows the commercial load distribution for temperature change. The temperature and load are strongly dependent compared to the other class consumer, such as the residential and the industrial. The third order regression formula power demand is shown in (7) . The temperature sensitivity of load can be found by taking the derivative of (7). The result is shown in (8) .
where R = 81.7%, R (modified) = 81.2% = 1.2999 − 11.518T − 382.9 (8)
Conclusion
‧ In Korea, the electricity peaks of summer and winter seasons occur at 12h and 15h, respectively. This characteristic is closely related with the heating and cooling equipment usage patterns. In addition, the temperature range which distinguishes between heating load and cooling load is 15 ~ 20 ⁰ C based on the investigation of data in the last five years ‧ The temperature sensitivity of overall load varies depending on the temperature level. In summer, temperature sensitivity is higher at higher temperatures. On the other hand, in winter, temperature sensitivity decreases to the specific point and then again increases. In terms of consumer type temperature sensitivity of commercial consumer is higher compared to that of the residential and the industrial. ‧ In future the sensitivity characteristics study including the heating/cooling equipment distribution and the number of high and low temperatures lasting days will be needed.
